Reactive transport models are very useful for groundwater studies such as water quality, safety analysis of waste disposal, remediation, and so on. The MoMaS group defined a benchmark with several test cases. We present results obtained with a global method and show through these results the efficiency of our numerical model.
Introduction
It is quite challenging to develop a numerical model for deep storage of nuclear waste. The time interval is very large (several thousands years), models are coupled and simulations must be accurate enough to be used for risk assessment. In most cases, chemistry must be included in models of deep geological storage. In addition to radioactive decay, chemical phenomena are numerous and include aqueous reactions, oxydo-reduction reactions, precipitation and dissolution reactions, ions exchanges, surface exchanges. These reactions can be either kinetic or at equilibrium.
Models must handle species which are in groundwater systems and take into account the mobile property of these species. It is thus necessary to consider a coupled model, where chemistry equations and radioactive decay are combined with transport of contaminants. These models are partial differential equations (for transport, one equation for each species), and algebraic or differential equations (for chemistry, a system at each grid point).
The MoMaS benchmark was designed as a set of academic examples, in order to run experiments with several methods and software [2, 4] . Several authors participated in the exercise [1, 7, [13] [14] [15] . A synthetic comparison of their results indicate that, for this benchmark, the fastest results were obtained with global approaches [3] .
In this paper, we show original results obtained with a global approach for the so-called 2D easy test case of the MoMaS benchmark. The model proposed in MoMaS is based on the introduction of total analytical concentrations, thanks to the linearity of the transport equation. It is a set of Partial Algebraic Differential Equations. We use the method developed in [6, 8] and improved in [10, 18] , where we first discretize in space, using a Finite Difference scheme, then discretize in time, using an implicit multistep scheme, of the BDF family (Backward Differentiation Formula). Thus at each time step, we have to solve nonlinear equations which we keep coupled.
Compared with [8] , three improvements were brought in [10, 18, 9] . First, a substitution technique, similar to global DSA methods, allows reducing the size of nonlinear or linear systems. The differential variables are kept in the semidiscrete system, in order to use adaptive time steps and adaptive Jacobian updates. Logarithmic variables are very convenient to ensure the positivity of the concentrations and to compute the derivatives, but they can lead to severely ill-conditioned Jacobian matrices [18] . Thus, the second improvement consists in using nonlogarithmic variables, at the price of ensuring positivity during nonlinear iterations. In the benchmark, the first component is inert, so the third improvement is to remove this component from the coupled equations.
The paper is organized as follows. In Section 2, we describe the mathematical model of the MoMaS test case studied and provide our simulation results for flow and transport of the five main species. The numerical method is defined in Section 3, as well as three versions of our software GRT3D [18] . Finally, we analyze in Section 4 the efficiency of the improvements brought to the original global method. We discuss these results and outline future work in the concluding Section 5.
MoMaS benchmark
The MoMaS group studies mathematical models and numerical simulations for nuclear waste disposal. A set of test cases were defined for transport reactive problems [4] . Here, we make experiments with the so-called easy test case, in 2D. The computational domain is a rectangle with two porous media, see Fig. 1 . All dimensions are normalized, with length unit L and time unit T .
Flow simulations
The benchmark considers a steady saturated one-phase flow, with no source term. Flow is governed by Darcy's law and mass conservation, giving mathematical equations (1) where the pressure h and the Darcy's velocity q are the unknowns and K is the hydraulic conductivity. 
Darcy's velocity is related to the porosity ε and to the pore velocity v by q = εv. Medium A has a high conductivity and a low porosity, whereas medium B has a low conductivity and a high porosity, see Table 1 .
